Background: Vision and hearing impairments among elders are common, and cognitive impairment is a concern. This study assessed the association of vision and hearing impairments with cognitive impairment and mortality among long-term care recipients.
Background
Most elders experience age-related changes, including vision and hearing impairments. Sensory impairments affect elders' everyday lives, including independence [1, 2] , social participation [3, 4] , health-related quality of life [5, 6] , and mental health [7] . The prevalence of cognitive impairment also increases among elders and is a concern [8] . As people become more disabled and increasingly dependent on others with age, assisting elders may be challenging for communities.
Previous studies have reported a possible association between vision impairment and cognitive function in older populations [9] [10] [11] [12] . Vision impairment was associated with cognitive impairment in women aged 69 or older who had osteoporotic fractures [9] . Regarding specific eye diseases, age-related macular degeneration, a leading cause of irreversible vision loss, was associated with cognitive impairment [10] . Furthermore, elders with visual impairment, particularly those with visual impairment due to cataract, were more likely to have cognitive impairment in Asian populations aged 60-80 [11] , while only a weak correlation was observed in Australian populations aged 50 and older [12] .
Hearing impairment and cognitive decline among elders have a clear link [12] [13] [14] [15] [16] . Hearing impairment accelerates cognitive impairment [14] and is an independent risk factor for dementia [13] . However, impairment in hearing function is gradual and often under-recognized [13, 15] and consequently has received minimal attention [6] . Dual sensory impairment is prevalent between 9 % and 21 % of elders over age 70, and the prevalence increases with age [17] . Dual sensory impairment is associated with cognitive impairment [9, 18] , and cognitive function declines more quickly, particularly in socially disengaged elders [19] .
Japan is experiencing unprecedented aging among the population. By 2035, the proportion of elders is projected to comprise 33.4 % of the total population in Japan such that one in three people will be aged 65 or older [20] . In 2000, Japan introduced a universal social long-term care insurance system for people aged 65 or over and some people aged 40-64 with specific disabilities to receive home and community-based services besides universal medical insurance [21] . The insured or family must apply to the municipal government for needs assessment. Trained and certified investigators conduct on-site survey using a 79-item need-assessment tool on physical and mental status. The results are analyzed by computer to generate a preliminary assessment. The certification committee, consisting of five health and welfare professionals, reviews the survey results and the primary physician's opinion for a final eligibility decision.
The relationship between sensory impairments and cognitive impairment has been reported [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , but the relationship among sensory impairments, cognitive impairment and mortality remains unclear. Using the long-term care insurance data, we assessed the association of vision and hearing impairments with cognitive impairment and mortality among elders.
Methods

Design
This population-based cohort study used administrative health care data with a mean follow-up period of 4.7 years.
Data source and study cohort
This study cohort was drawn from the Gujo City LongTerm Care Insurance Data, which included all residents who were certified as new beneficiaries in Gujo City, Gifu Prefecture, Japan, between April 1, 2003 and December 31, 2004 . The level of dependency is determined as a result of eligibility assessment; low level (home-bound, requiring help to go out), medium level (bed-bound, requiring some assistance but able to maintain a sitting position), or high level (totally bed-bound, requiring full-time care).
Subjects of the study were community-dwelling elders aged 65 years or older in Gujo City; required assistance or care in community settings; and were eligible for long-term care insurance. Of 2338, 584 elders who were classified with a high level of dependency (totally bedbound) were excluded and 1754 who were classified as having a low or middle level of dependency were included in the analysis. The participants were followed until March 31, 2009.
Data collection
The Gujo City Long-Term Care Insurance Data include the results of preliminary and secondary eligibility assessments.
Definition
We operationally defined "cognitive impairment" as "any cognitive impairment from mild to severe including dementia assessed by the trained and certified investigator using the functional assessment for cognitively impaired elders" in this study.
Measurements
We used the data on vision and hearing impairments and cognitive impairment collected from the eligibility assessment process for long-term care insurance. Trained and certified investigators assessed vision and hearing impairments and cognitive impairment using the national assessment tool for determining eligibility for long-term care insurance [21, 22] .
Vision at baseline was determined according to five levels: "normal sight," "able to see a visual acuity chart at a distance of 1 m," "able to see a visual acuity chart in front," "very little sight," and "indeterminable due to communication difficulty." For analysis, "able to see a visual acuity chart at a distance of 1 m" and "able to see a visual acuity chart in front" were merged to form one value-"able to see an object near the front of the eyes." Hearing at baseline was determined according to five levels: "normal hearing," "barely hear normal conversation," "barely hear loud conversation," "barely hear," and "indeterminable due to communication difficulty." For analysis, "barely hear normal conversation" and "barely hear loud conversation" were merged to form one value-"able to hear loud conversation."
Cognitive performance was assessed on two dimensions, namely communication/cognition and problem behaviors, using the functional assessment measures for cognitively impaired elders. The assessment measures include communication, short-term memory, location awareness and understanding of daily tasks, remembering own name and date of birth, and recognizing the season of year in addition to 18 problem behaviors (e.g., wandering, agitation and resistance to care). The levels of cognitive impairment were none, mild (requiring assistance due to symptoms/behavior related to cognitive impairment or communication difficulty), moderate (requiring care due to symptoms/behavior or communication difficulties), and severe (requiring specialized care due to significant psychiatric symptoms). Cognitive impairment in this study was determined by its presence or absence according to this classification.
Demographic information including age, sex and level of dependency was obtained during the preliminary eligibility assessment. Moving away from the study area (certification of residence) and death (death certificate) during follow-up were ascertained by Local Civil Registry. The 10th Revision of the International Classification of Diseases (ICD-10) code was used to define the diagnoses.
Analysis
We performed logistic regression to calculate unadjusted and adjusted odd ratios (ORs) and 95 % confidence intervals (CIs) to assess the association of baseline vision and hearing impairments with cognitive impairment. The analysis was cross-sectional. Cox proportional hazard regression models were used to estimate unadjusted and adjusted hazard ratios (HRs) for mortality during the follow-up period of 4.7 years. Potential covariates, including age, sex, level of dependency and comorbidities, were included in the models. Comorbidities included diabetes, neurological disorders (all diseases of the nervous system in the ICD-10 Chapter IV G00-G99 except Alzheimer's disease, e.g., Parkinson's disease, cerebellar degeneration and amyotrophic lateral sclerosis), hypertension, heart disease, cerebrovascular disease, respiratory disease, musculoskeletal and connective tissue disorders, and eye and ear diseases. We classified the participants into three age groups (65-74, 75-89, 90 or older) in consideration of average life expectancy among Japanese (80.21 years old for men; 86.61 for women) [23] . Chi-square test, Mann-Whitney U test and t-test were used to compare baseline characteristics. Fisher's exact test was used for small sample sizes. P values less than 0.05 were considered significant.
Results
Study population
Baseline characteristics of the 1754 study participants (605 men and 1149 women) are presented in Table 1 . The mean age of men and women was 80.89 (standard 95 ) years, respectively. Women were older than men (p < 0.001). The participants with a low level of dependency were more likely to be women (67.4 % vs. 56.4 %; p < 0.001). With respect to underlying diseases for long-term insurance eligibility, men had more neurological disorders except Alzheimer's disease (p = 0.043), heart disease (p = 0.009), cerebrovascular disease (p < 0.001), and respiratory disease than women (p < 0.001), while women had more hypertension (p = 0.043) and musculoskeletal and connective tissue disorders than men (p < 0.001). There was no significant difference in baseline cognitive impairment between men and women (52.7 % vs. 54.9 %).
Of the 1754 participants, 773 (44.1 %) had normal vision and hearing functions, 252 (14.4 %) had vision impairment, 409 (23.3 %) had hearing impairment, and 320 (18.2 %) had dual sensory impairments. There were no significant differences owing to sex among these four groups. Individuals with hearing impairment were 1.6-fold more than those with vision impairment (p < 0.001). About 70 % of participants had either vision or hearing impairment or both (dual sensory impairment) ( Table 2) .
Association between sensory impairments and cognitive impairment (Table 3) Of the 1754 participants, 950 (54.2 %) had cognitive impairment at baseline (Table 3) . Cognitive impairment was found in 360 (46.5 %) individuals with normal vision and hearing function, 138 (54.8 %) with vision impairment, 237 (57.9 %) with hearing impairment, and 215 (67.2 %) with dual sensory impairment (p = 0.01). By age group, cognitive impairment increased with age: 107 individuals (37.3 %) aged 65-74, 668 (56.2 %) aged 75-89, and 175 (62.9 %) aged 90 or older (p = 0.021).
In univariate analysis, ORs of cognitive impairment were 1.389 (95 % CI 1.04-1.85) in those with vision impairment, 1.581 (95 % CI 1.24-2.01) in those with hearing impairment, and 2.349 (95 % CI 1.79-3.09) in those with dual sensory impairment. After adjustment for potential cofounders, the prevalence of cognitive impairment was higher in individuals with dual sensory impairment (1.965, 95 % CI 1.46-2.65), followed by those with hearing impairment (1.473, 95 % CI 1.13-1.92) and vision impairment (1.457, 95 % CI 1.07-1.98).
The prevalence of cognitive impairment was similar between individuals with vision impairment and those with hearing impairment. In univariate analysis by age group, the prevalence of cognitive impairment in the 75-89 age group was significantly higher among individuals with dual sensory impairment (2.086, 95 % CI 1.98-2.91), followed by those with hearing impairment (1.413, 95 % CI 1.055-1.90), and vision impairment (1.367, 95 % CI 0.97-1.94). Multivariate analysis showed that the prevalence of cognitive impairment in the 75-89 age group was significantly higher among individuals with dual sensory impairment (1.916, 95 % CI 1.339-2.742), followed by those with hearing impairment (1.584, 95 % CI 1.15-2.18) and vision impairment (1.513, 95 % CI 1.04-2.21).
Association of mortality risk with sensory impairments and cognitive impairment ( 
Discussion
This study provides a picture of sensory impairment, cognitive impairment and mortality among the longterm care recipients with mean age over 80 in the community. In the present cohort, about 70 % of elders had either vision or hearing impairment or dual sensory impairment, and hearing impairment outnumbered vision impairment. Both vision and hearing impairments were associated with cognitive impairment. Dual sensory impairment was the greatest risk factor for cognitive impairment, and those with dual sensory impairment and cognitive impairment had increased risk of mortality.
High prevalence of hearing impairment among elders [17, 24] and dual sensory impairment as a risk factor for cognitive impairment [9, 17, 18] in the literature were consistent with our results. In addition, individuals with sensory impairment may be more likely to have limited [14, 18] . The elders with dual sensory impairment and cognitive impairment had increased mortality in our study. Sensory impairment increases not only risks of accidents and injuries but also risks of communication difficulty, social isolation and physical and psychological functional decline; these factors could negatively affect life expectancy [25] . Cognitive impairment is also a robust predictor for mortality [26] , and even mild cognitive impairment is associated with increased mortality [27] . Increased risk of falls and poor control of underlying diseases due to cognitive impairment could reduce survival [27] .
Gopinath et al. [25] reported that hearing impairment was an independent risk factor for mortality, and Fisher et al. [28] reported that not vision but hearing impairment increased risk of all-cause or cardiovascular disease-related mortality in men. In our study, however, the result of association between hearing impairment and mortality was not significant.
Hearing impairment is a leading type of disability worldwide [24] . Michikawa et al. [6] reported that elders with hearing impairment were more significantly associated with adverse health outcomes than those with vision impairment among the Japanese population. Given the high prevalence and burden of hearing impairment among elders, early detection, before vision or cognitive impairments occur, is important. Healthcare providers should also offer information about treatment and rehabilitation of sensory impairment to elders [1] . Because poor communication function may cause elders and healthcare providers to misunderstand their individual conditions and negatively affect outcomes, healthcare providers need to help elders maintain communication function. Previous studies suggest that cognitive impairment could be attenuated by the use of hearing aids [14] and cognitive rehabilitation through communication [15] . Some elders may not use hearing aids because of difficulty in tuning them; therefore, healthcare providers should instruct elders about appropriate use.
Strengths and limitations
The strengths of the study included a population-based sample of community-dwelling elders, and few data were missing in the sample. Very few people changed their address, and therefore panel attrition was low (2.7 %). This study supports the evidence regarding the relationship of dual sensory impairments with cognitive impairment and mortality using the national assessment tool administered by trained and certified investigators. Given the high prevalence of multimorbid conditions in elders, comorbidities were adjusted in addition to age, sex and level of dependency.
The study had several limitations. The study population comprised long-term care recipients in a rural area of Japan; thus, the generalizability of the study is limited. The higher prevalence of cerebrovascular disease and cognitive impairment was a possible bias for higher cognitive impairment. In this population, more men had serious diseases such as heart disease, cerebrovascular disease and respiratory disease, while more women had musculoskeletal and connective tissue disorders. These differences could be related to the result that women had lower level of dependency. We used only baseline measurements of sensory impairments and cognitive impairment, and we did not examine subsequent functional changes in vision, hearing and cognition. Because the measures for cognitive function are unique to the assessment for long-term care insurance, "cognitive impairment" in the present study includes both mild cognitive impairment and dementia. In addition, no objective test was used to measure sensory impairments. Standardized objective sensory measurement tools are needed for elders [1] .
Conclusions
In the present study, about 70 % of the long-term care recipients had either vision or hearing impairment or dual sensory impairment, and hearing impairment was 1.6-fold more common than vision impairment. This study supports the relationship between dual sensory impairment and cognitive impairment, and increased risk of mortality in those with dual sensory impairment and cognitive impairment. With advancing age, people get frailer and become more disabled. The qualitative study, however, reveals that elders adopt better with their conditions and still can achieve quality of life despite late-life disability and dependence on others in daily lives [29] . Healthcare providers should be aware of the increased risk of cognitive impairment and mortality in those with sensory impairment. Further studies are needed whether early identification and management of sensory impairment could improve cognitive outcomes and survival in elders.
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